Productivity and Human Capital: The Case of Ethiopia by Wube, Martha Hailu
1 
 
 
Master thesis for M.Phil in Environmental and Development Economics degree 
___________________________________________________________ 
 
 
 
 
Productivity and Human Capital: 
The Case of Ethiopia 
 
 
 
 
 
Wube, Martha Hailu 
 
 
 
 
 
November 2008 
____________________________________________________________ 
Department of Economics 
University of Oslo 
 
 
2 
 
 
PREFACE 
First and for most I would like to thank God for everything He gave me and my family for 
their support.  
I would like thank my adviser Svein Longva for his comment and valuable advise while I 
am writing this thesis especially for his patience, detailed comments, and explanations. I 
would also like to thank Torben K. Mideksa for helpful discussions. 
Lastly, but not least, I do like to thank Olav Bjerkholt, Knut Sydsæter, Hilde  Bojer, and 
Kaya Sverre for their help during my study here. Without the help and protection from 
them, things might have turned around for quite weak reasons. It is easy to call the 
phrase “thank you” but the emotion it represents is substantially unique.  Thank you all 
for being there when I needed you.  
Martha Hailu Wube 
 
 
 
 
 
 
 
3 
 
SUMMARY 
The general aim of the United Nation Millennium program is to reduce poverty in poor 
countries by half in 2015. This can be achieved through economic growth or 
redistribution or both. While redistribution without growth is win-lose, growth lead 
poverty reduction is a win-win to different members of a society. This thesis investigates 
the relationship between productivity, one of the main source of economic growth other 
than factor accumulation, and human capital. They have some ambiguous relationship. 
Some found a positive and others found negative effect of human capital on 
productivity. Here in this thesis, I tried to see the effect of human capital on productivity. 
I do that in two ways. First by taking human capital as a facilitator of the adaption of new 
technologies rather than taking it as a separate input (Nelson-Phelps Hypothesis). 
Second, I tested the direct effect of it by taking it as a separate input. The data I use to 
test this fact focuses on Ethiopia. I use health and education spending as a proxy of 
human capital of the country. The result will help guide the country’s economy policy 
aimed at promoting growth and save people from misery due to poor economic 
performance. I found that human capital has a positive influence on facilitating the 
adaption of new technologies. I found this result by testing the Nelson-Phelps 
Hypothesis. When I took human capital as a separate input, still it has a positive and 
significant effect on productivity. The elasticity of human productivity with respect to 
human capital is approximately 2 suggesting the presence of human capital 
externalities. Surprisingly, I found a negative influence from physical capital. This need 
further study.                
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I. INTRODUCTION 
 
At this point in time in our history, large portion of the world population still lives below 
poverty line lacking the very basic necessities of life. Millions of people eat, mostly less 
nutritious food, once in a day and do not have any health service coverage throughout 
their whole life. Many new born children die from avoidable causes before they manage 
to celebrate their first birthday. More than 2.8 billion People in the world live by 2 dollar 
per-day (Geoffrey Gilbert, 2004). Most of this population found in Sub-Saharan African 
countries, South Asia, and Latin America. Out of 48 poorest countries in the world 32 of 
them are found in one of the above regions.  
 
The main explanation many economists offer behind this dire situation is slower growth 
in productivity and income in poor countries.  Pritchett (1997) presents compelling 
evidence that before few hundred years, economic outcomes in many parts of the world 
were more or less similar. However, countries with fast growth in productivity managed 
to raise living standard while those countries with slower growth in productivity fared 
worse. 
 
The productivity of a country is affected by different factors like capital accumulation, 
trade, accumulation of human capital, economic policy and so on. Economists relate 
productivity with investment on R&D and human capital. R&D refers investment to 
create innovate new technologies that are economic efficient. Human capital affects 
productivity through innovation and adapting technology. This paper gives emphasis on 
this topic. There are a lot of researches on this topic. Some of them conclude that 
human capital has a negative effect on productivity and others got a positive influence 
on productivity. 
 
In this paper, I am going to investigate how productivity is affected by human capital 
using a case study of Ethiopia. I closely examine the empirical link between productivity 
and human capital using data from Ethiopia. Economic growth is crucial for the poor to 
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improve their living standard, even if there is a debate on the effect of economic growth 
in improving the living condition of the poor. According to Dani Rodrik (2000), ‘’All 
developing countries that have experienced sustained high growth over the last few 
decades have reduced their absolute poverty levels.’’  Whatever poverty reductions we 
have witnessed over the last decades, these did occur neither in the areas where large 
redistribution is undertaken, Venezuela, nor in stagnant economies, such as sub 
Saharan Africa. Large reductions were observed in countries that have grown faster 
such as China, India, and other Asian countries.  
 
Ethiopia, the third populated country in Africa, is well known for its staggering poverty 
partly due to recurrent drought and long civil war and partly due to inappropriate 
economic policies. According to the UNDP Human Development Report, Ethiopia is 
rank at 169 out of 177 countries based on the human development index. The World 
Bank ranked the country 206th out of 206 countries with per capital income of USD100 
on its report of 2000/2001 (EEA). Easterly (2002) argued that Ethiopia has a low level of 
economic growth and it is the poorest country in the world.  
 
The country’s economy mainly depends up on primary rain fed agricultural production 
which is very vulnerable to the instabilities of rain fall. The country has frequently been 
experiencing drought. The worst of it was in 1984; almost one million people are died 
due to the drought in addition to the large number of livestock that serves as capital and 
means of storing wealth. Other than the drought, the country did engage in civil war for 
more than three decays. During these periods, more than 200,000 people are died. As if 
these were not enough, the country followed misguided polices such as central 
planning, import substitutions, overvalued currency, etc for decades. 
   
According to Easterly (2002), the country’s TFP growth within the three different regime; 
monarchy, Marxist and reformist, periods are 1.26%, -1.22% and 2.58%, respectively. 
The different in TFP in these regimes are due to their different economic policy, political 
instability and natural disaster like drought. While the economic performance shows 
some improvement in the last regime, it is not enough to bring out the people from deep 
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poverty. To improve the life condition of the people there must be a sustained increment 
in factor productivity.  
 
Most economists agree that growth in factor productivity has been very important for the 
growth of economy even if they have different perspectives about the sources of 
productivity.  By investigating the relationship between productivity and human capital, 
the result of this paper will have policy implications for human capital investments in the 
country.   
 
The paper is organized as follows. Section two discusses about the existing literature, 
which focuses on economic growth. It reviews different ideas about economic growth 
and factors that affect it by different economists. Section three discusses the 
methodology and data used in this paper. Section four explains the result of the 
estimation and the final section winds up the discussion of the paper by concluding 
remark.     
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II. REVIEW OF RELATED LITERATURE 
 
In this section, I review the research about productivity in two steps. First, I highlight the 
importance of productivity with the help of growth theories. In the second step, I review 
the literature that focuses on the determination of productivity and finally I will motivate 
this research in light of the literature. 
 
2.1 Why Productivity is Important?  
 
Economic growth, which is the rate of growth of the aggregate goods and services an 
economy produces, is among the most important variable that determines the well being 
of nations.  Starting from the work of Adam Smith (1776), the Wealth of Nations, 
economic growth has attracted the attention of many economists. Classical economists 
like Smith and Malthus and contemporary economists like Solow and Lucas have a 
strong interest about the nature and the causes of the wealth of nations. Especially the 
last two decades have witnessed the surge in interest of economic growth research 
which culminated at a periodic publication of a quality journal exclusively committed to 
understanding of Economic growth - the Journal of Economic Growth. 
 
 Many economists agree on the importance of economic growth in improving living 
standard and reducing poverty. As it has been argued by Robert Lucas (1998), there is 
the considerable consensus among economists that sustained economic growth is 
among the key factors for poverty reduction and improvements in living standard.   An 
important question that economists addressed is, “what factors determine economic 
growth?” The outcomes of these researches suggest that physical capital, human 
capital and labour, productivity, institutions etc are among the main factors for economic 
growth. The central idea is that economic growth is determined by factor accumulation 
and productivity. By definition, growth in productivity implies that the growth of output by 
using the same unit of inputs as before. There are different views about the importance 
9 
 
of productivity and factor accumulation in economic growth; but the two main views are 
reflected in the neoclassical growth model and endogenous growth model.  
 
The early work of economists like Domar (1946), Lewis (1954) and Solow (1956) 
contribution are regarded as the initial contribution to the research on modern economic 
growth. These economists assume the existence of an aggregate production function 
with “neoclassical” properties in the growth model. In the neoclassical growth model, 
productivity is assumed to be determined outside the economic system. Specifically, it is 
taken as a variable that grows at a constant rate over time regardless of what happens 
to the economic system. The model predicts that growth of an economy can temporarily 
be improved by increasing the saving rate; but this growth will not be permanent. The 
model recognizes the importance of technological progress for long run growth but it 
assumes it as an exogenous factor which cannot be explained in the economic system.  
 
According to Limam and Miller (2004), the neoclassical model “explains” only the 
fraction of per capita output growth which comes from factors of production. The 
residual, which captures the role of productivity, is exogenous and thus unexplained 
within the economic system. If the descriptive power of this model is reasonable, then 
no economic policy would raise or reduce productivity. That is, in the language of 
statistics, changes in productivity cannot be traced back to changes in economic 
variables or incentives.   
  
However, according to Solow (1957), Klenow and Rodriguez Clare (1997), and Easterly 
and Levine (2001), detailed accounting exercise confirmed that the bulk of economic 
growth comes from productivity. Moreover, level accounting exercises such as the one 
by Hall and Jones (1999) has also indicated that productivity is the key explanation for 
differences in the level of income among countries and over time. Hence, country 
specific and cross-country empirical evidences suggest that boosting productivity is the 
key for sustainable economic growth.     
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The attempt to understand productivity variations and growth in the context of economic 
growth lead to the emergence of the other dominant model of economic growth --- the 
endogenous growth model. This model is introduced to examine the role of productivity 
on growth. In this model of growth productivity is endogenous; i.e. changes in 
productivity can be associated with changes in economic variables or incentives. Paul 
Romer (1986), Robert Lucas (1988), and other economists claim that per capita GDP 
growth cannot be explained only by the growth of physical capital. It is argued that the 
Solow residual, another name for productivity, is the main factor for per capita growth 
and differences among countries in terms of income.  This line of research relates 
productivity to R&D, externalities from capital stock and human capital.  
 
2.2 R&D, Capital Externalities and Productivity 
 
There are different determinants of productivity, like the size of the firm, the degree of 
openness, investment on technology and education, and growth policy. Productivity can 
be improved by using advanced technique of production that increase output due to 
efficient production (Romer, 1990). Romer argued that profit motivated innovators 
generate new technologies that have public good nature but partially excludable. The 
partial excludability, through patents and other mechanisms, ensure the rent to 
innovators.  The public good nature of these technologies entails externality to the rest 
of the economy. Thus, economic incentives make the demand and the supply for 
improvements in technology endogenous to the economic system.1 
  
Besides productivity can also be improved by externalities from capital accumulation or 
learning by doing, Romer (1986) argued about the externality from learning by doing as 
a source of productivity increase among different firms. It is hard to discount the value of 
new technologies. For instance, the emergence of fast transportation technologies such 
as train and vehicles made the total trip per unit of time lower. The mobile phone 
technology and information technology has dramatically raised the degree of 
communication than what has been anticipated long ago.  The main point of this line of 
                                                 
1
 The other R&D based explanation of productivity is vertical innovation models of Philpe Aghion and Pitter 
Howitt.  
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research is that as firms invest more and more, they become more productive as they 
learn from doing investment.  
 
2.3 Human Capital and Productivity 
 
The other line of research on productivity focuses on the role of human capital. There 
are different lines of arguments concerning productivity and human capital. While the 
majority emphasize on its positive role, there are some arguments that suggest the 
negative role.  
 
A country can raise human capital by providing education and training. Additionally, 
people gain ability (knowledge) through experience and by interacting with educated 
people. Nelson and Phelps (1966) argue that human capital raises productivity through 
innovation and adaptation of technology. Accordingly, human capital is not one type of 
input and it cannot be embodied in production function as capital and labour. They 
suggest that including human capital index in the production function may lead to 
inaccurate relationship between education and production. Education facilitates and 
speeds up catch-up and diffusion of technology rather than serving as a physical input.  
 
Lucas (1988), on the other hand, focuses on the externality from interacting with smart 
people as a source of human capital. He focused on the external effect of human capital 
on productivity. The skilled labour in a company can transfer her/his knowledge for other 
employees. Her/his ideas can be implemented by others and can increases the 
production of a company and / or reduce its production cost. This positive externality 
from human capital improved the country’s productivity.  
According to Higon and Sena (2006), the difference in human capital among different 
regions of Great Britain is the reason for productivity differences across regions. 
According to their result, firms located near an area which has large educated labour 
force, benefit more from knowledge spill over than those located in areas with less 
educated labour force.    
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On the other hand, some authors like Murphy, Shleifer, and Vishny (1993), relate 
human capital with corruption and rent seeking activities that ultimately hamper the 
growth of technology. Workers become more rent seeking when they have more 
knowledge. Talented innovators want more from their innovation. If they get low return 
from their new idea in formal way, then they take any chances to get more return. These 
include involving in corruption and rent seeking activities. These rent seeking activities 
may have a negative effect on the growth of the country. 2 
 
Others like Pritchett (2001), focusing on miss-allocation of talents, argued that human 
capital has been used for socially wasteful activities due to three reasons. First 
institution or government systems in a country hinder the human capital from being 
fruitful. The low wage, considering their skill and others, lead the educated labour force 
to a less efficient outcome even sometimes to participate in privately rewarding but 
socially unproductive activities to the detriment of a country’s economic performance. 
The second reason is low demand of human capital compared to its supply, then the 
rate of return from education become low. The last one is low quality of the educational 
system. One cannot get more skill from additional year schooling due to low quality of 
education. These make investment on human capital a wasteful activity. 
 
Lastly some authors focus on the composition of education. Murphy, Shleifer, and 
Vishny (1991) have also presented evidence showing that ‘’ …countries with higher 
proportion of law concentrators grow more slowly.’’ People want to pay for education by 
expecting more return from it. Talented people choose their occupation according its 
return. Their choice occupation has effect on resource allocation. When a talented 
person selects an occupation that is productive, like entrepreneurial activity, they can 
improve the technology and then the productivity and income grow. But when they 
                                                 
2
The central argument is that education makes people better at attaining their objectives be 
corruption or terrorism Krueger and Maleckova(2003) in “Education, Poverty and Terrorism: Is 
There a Causal Connection?” 
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become rent seeking and just concentrate on their private income, their contribution to 
the improvement of technology become zero and this lead to lower economic growth.  
 
The above economists try to see the effect on the economy if talented people choose 
engineering or lawyer as an occupation. They found greater “production” of lawyers is 
related with increased rent seeking activity and has negative relationship with economic 
growth. On the other hand, the greater “production” of engineers has a positive effect on 
economic growth.  
 
In sum, while the neoclassical model attributes changes in productivity to non-economic 
factors, the new breeds of endogenous growth models suggest that economic variables 
such as capital stock, human capital, R&D, etc can improve productivity.  
 
2.4 Motivation of this Thesis  
 
While there is no dispute over the role of other factors, the net effect of human capital 
on productivity seems less clear on theoretical basis. Here, in this paper, I am 
concerned with human capital as a source of productivity growth.  
 
In order to change this feature and improve the growth per capita (GDP), the country 
should use all its potential. The Ethiopian Economic Association annual report in 
2000/01 reported that the country has low productivity. The productivity of the country 
decreases by 11% on average over 1995/96-1998/99. Even if this is true, Easterly finds 
that productivity plays an important role in the economy of the country in different 
political regimes, specifically the Imperial, the socialist and the EPDRF regimes.  
 
The country needs to grow 9% at per annual for over 20 years in order to achieve the 
international development goal (EEA, 2000/2001). Knowing the factors that influence 
productivity is important for the country’s economic growth. A casual look at human 
capital of the country suggests that most of the population do not have the opportunity 
to attain any level of education, especially in rural areas. Mostly, this is due to the lack 
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of schools but it is also lack of knowledge about the importance of education too. Almost 
all of the high school graduates remain unemployed. Lower economic act ivies have 
resulted in fewer jobs with smaller returns. 
 
In sum, economic growth is important and productivity is the key behind economic 
growth. As Ethiopia needs economic growth so as to achieve development goals, it is 
very important to know what determines productivity and come up with policies that 
boost productivity. This paper, by examining the link between productivity and human 
capital, improves the knowledge over the issue.  
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III. METHODOLOGY, DATA, & DESCRIPTIVE STATISTICS 
 
In this section, I explain the method how I am going to measure this effect and how I 
generate the data which are important for the estimation of the result. Moreover, I 
include the descriptive statistics of the variables. 
  
3.1 Empirical Model 
 
The discussion in the review of the literature suggests that productivity can be 
determined by physical capital stock (Romer, 1986), human capital (Nelson& Phelps, 
1956 and Lucas, 1988), time trend (slow, 1956), etc. The empirical model is specified 
on the basis of the channels made explicit in the theoretical literature. In equation (1), I 
specify the empirical model where productivity and human capital are assumed to have 
a linear relationship in logs. Depending on the values of hβ , the elasticity of productivity 
with respect to human capital could be positive, negative, greater than one, etc. The ix s 
are control variables such as dummies for political regimes, time trend, etc.  
 
 (1)   
0
ln ln ln ln
tt h t i i k t L t it
A h x k Lβ β β β β ε= + + + + +∑     
In addition to controls for political regimes and time trend, conventional inputs of human 
capital, physical capital, and labour are included as a determinant of productivity. There 
could be a question “why the inputs whose effect is already taken out of output when 
productivity is calculated are included as additional repressors?” However, these can be 
the case for the following main reasons.  
 
First and for most, such a question confuses accounting with statistics in the sense that 
the model in equation (1) is a statistical, instead of accounting, exercise. That is, if the 
value of these inputs is taken out from output, then it is up to the statistical evidence to 
tell us whether they are relevant, in the sense of functional dependency,  for productivity 
or not. As a positive empirical exercise, a student is not entitled to impose a priori 
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expectation about the relevance of certain factors before the data says something about 
it.  
 
Second, the growth accounting exercise I did earlier decomposes total output into 
physical capital, human capital, labour, and productivity.  This does not, however, imply 
that productivity is independent of physical inputs. Of course factor productivity, as we 
know it, cannot exist independent of factors. Actually, this is a point explicitly made by 
the principle of diminishing returns.  
 
Third, the physical inputs are the explicit channels emphasized in the literature. For 
example, Romer (1986) relates productivity to capital stock in the form of learning by 
doing or by investing. This suggests that capital externalities can potentially affect 
productivity. In Nelson and Phelps (1957) or Lucas (1988), human capital could boost 
productivity through externalities and facilitation of adoption of new technologies. Since 
Adam Smith, economists are reminded by the idea that the gains in productivity from 
division of labour could be “limited by the extent of the market” which can be proxies by 
the size of labour force. These clear theoretical channels require as considering 
physical inputs as potential explanatory variables for productivity.3 
 
3.2 Productivity Data 
 
The very initial difficulty of understanding productivity emerges from the fact that 
productivity is unobservable and it needs to be calculated from other observable 
variables. Economists, since Solow (1957), used growth accounting to determine the 
contribution of each factors of production to the level of GDP. Using aggregate 
production function, the productivity variable is imputed from aggregate output, capital 
stock, labour force, and human capital variables which are absorbable. This paper uses 
the standard primal growth accounting which is presented in Barro (1998).  
 
                                                 
3
 Unlike for rich countries, R&D innovation expenditures are  less important for productivity in poor countries. But, 
the R&D expenditure in Ethiopia has historically been close to zero and we will not raise the issue of R&D in the 
rest of this thesis. 
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Aggregate production is a function of capital (K), labour (L), and productivity or 
technology (A). 
 
(2)   ( ), ,Y F K L A=
 
 
Differentiating the above equation with respect to time and then divide it for Y gives the 
growth of output as an equation of marginal product of each input and their growth over 
time where the dot over a variable is its time derivative  
 
(3)   A K L
Y F A A F K K F L L
Y Y A Y K Y L
• • • •
= + +  . 
 
By using the above equation, it is become easier to calculate technological progress 
(productivity) by rearranging a little bit, 
 
(4)    A K L
F A A Y F K K F L L
Y A Y Y K Y L
• • • •
= − −
 
 
KF  and LF  represent the marginal product of capital and labour, respectively. As we 
know, these two variables are equal to the price of each factor.  So, the price of labour 
is its wage, W; and the price of capital is its rental value, R. When we take these 
variables together with the share of this factors to output, assuming a production 
function of homogenous of degree one,  we get the income share of each factors in total 
product. 4 
 
(5)   (1 )
A Y K L
A Y K L
α α
• • • •
= − − −  
                                                 
4
 In the rest of this thesis, I assume competitive market. It is more likely that free entry and exit, better information 
availability, and related characteristics of perfect market are more of a long run properties than short run in the real 
economy and  the assumption looks plausible  since the concern here is about long run growth than short term 
fluctuations.  
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Where α  and (1 )α−  are the income share of capital and labour in total product, 
respectively. So, by using the above equation, one can calculate the Solow residual. 
 
For the task of this thesis, the aggregate production function is assumed to be Cobb-
Douglas as it is consistent with many empirical facts that have motivated grand 
economic researches. The Cobb-Douglas production function given as 
 
(6)   1Y AK Hα α−= , whereH Lh= . 
 
Where Y is output measured in total GDP, A is represents productivity, L is total number 
of workers (total population), and h is human capital in each unit of labour. Each 
variable is measured per period of time. The parameters, α and 1-α, measure the 
income share of capital and labour respectively. It is very hard to get the share of capital 
for Ethiopia from national accounts data. But Easterly (2006) uses 0.4 and I take this 
number without much justification than lack of any better information. Dividing the 
production function by L (it gives us quantities per unit of labour) and take the log form, 
then the equation becomes, where y is per capita output and k  is per capita capital 
stock, 
 
(7)   ( )ln ln ln 1 lny A k hα α
∗
= + + − , where h
∗
 is H
L
 
 
Since the Cobb-Douglas production function of equation (6) satisfies three conditions; 
diminishing marginal products, constant returns to scales, and the Inada conditions, 
specifically it is a condition that implies the marginal product of capital or labour 
approaches to infinity as capital or labour to zero and approaches to zero when capital 
or labour to infinity and it ensures the importance of capital and labour for production. 
We can use the above equation to calculate the unobserved variable, productivity (A), 
by rearranging it and taking the exponent of lnA. 
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(8)   ( )ln ln 1 lnA EXP y k hα α
∗ = − − − 
 
 
 
As can be seen from the above equation, in order to calculate productivity, we need to 
have data on y, k and h
∗
.  With the help of equation (8) and the data of physical and 
human capital, the productivity data can be generated.  
 
Since we have two different approaches to modelling human capital and productivity, it 
is necessary to have two different productivity series. That is, the Nelson& Phelps 
(1956) approach assumes that regarding human capital as addition factor production is 
a misspecification error. Rather, human capital is assumed to facilitate adoption of the 
technology. To test this hypothesis, the productivity data needs to be generated 
excluding human capital as an input to production. Specifically, ( )_0 ln lnA EXP y kα= −  
. But, for testing hypothesis based on human capital externalities such as that of Lucas 
(1988), human capital is regarded as an independent input of production. In that case, 
the productivity generated with equation (8) is correct.  
  
3.3 Physical and Human Capital Data 
 
The GDP data is taken from Penn World table while, physical capital and human capital 
are generated as follows.  Physical capital stock is also a variable that is required to 
compute productivity and we do not have data on capital stock. The capital stock is 
generated using the standard law of motion, K sY Kδ
∗
= − , which  is the change in 
capital stock is the difference between new investment( sY ) and depreciated capital 
stock( Kδ ) in the production of goods and service.5 To derive the entire time path of 
capital from this law of motion requires initial capital. According to Benhabib and Spiegel 
(1991), one way of calculating initial capital is making it equal to zero. But they 
mentioned that, this method would overestimate the growth of capital stock for those 
                                                 
5
  From now on, I assume national savings are equal to investment following Solow (1956). Sufficient justifications 
for this assumption are reported in Barro and Sala-i-Martin (2004). 
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countries which have large capital stock in the first time. But, in order to calculate initial 
capital, I follow Klenow and Rodriguez Clare (1997) and approximate the initial capital 
stock using steady state assumption at the beginning of the period. The capital stock 
over time is given by equation (9).6 
(9)   ( )k sy n g kδ
∗
= − + +   
 
This is arrived at when capital stock is divided by effective labour force and time 
derivative is taken over capital per unit of effective labour force. Effective labour 
force(AL) grows at the rate of g+n since  A(t) =A(0)egt  and  L(t)=L(0)ent .  In the steady 
state, we assume in our case in 1960, 0k
∗
= . We can use equation (9) to calculate the 
initial level of capital stock by rearranging. The capital stock in 1960 is given by the ratio 
of net investment to “effective depreciation rate”.  
(9’)   ( )0 0 sK Y n gδ= + +  
 
Where s is saving rate, δ depreciation rate of capital stock, n is population growth rate 
and g is the average rate at which technology grows. In order to calculate the initial 
capital stock, we use 1% (at the steady state both technology and per capita GDP grow 
at the same rate), 2%, and 3% as the average value of the growth rate of technology, 
population growth rate, and depreciation respectively. The first two are from the data 
set. The first one is the long term growth rate of per capita income, which is calculated 
using compound growth formula; y (t) =y (0)*(e) gt. The same formula is used to 
calculate population growth rate. The rate of depreciation is taken from Mankiw (1995). 
Actually, Mankiw use 3 percent for the USA. The USA had a sustained growth and a lot 
of capital factors have a longer time before depreciate. But, it seems erring on the lower 
side to use this depreciation rate for Ethiopia; as the country had long war that had 
destroyed its most of public infrastructure. On the other hand, Klenow and Rodriguez-
Clare (1995) also used 3% to calculate capital stock of different countries. For lack of 
                                                 
6
 ( )( / ) (1/ )[ ]d K AL dK dALk AL K sy n g k
dt dt dt
δ
∗
= = − = − + +  
21 
 
better depreciation data for Ethiopia, I use 3% in the rest of this paper. The average 
saving rate of the entire period of the data we have is used as a saving rate.  Then, by 
taking the year 1960 as initial time, we can calculate K for 1960 since we have a data 
on all variables. Once the initial capital stock is calculated, the per-period capital stock is 
generated by using the formula, where t refers to years. 
 
(10)   ( ) ( ) ( ) ( )1 1K t K t I tδ+ = − +  
 
The next data needed is human capital. Human capital shows the skills and 
competencies of the labour which is due to education and training (may be from 
experience). To get this data, I use the data of education and health. As Barro (1998) 
mentioned, both of them are important for human capital in different ways. Health is 
important to maintain the well-being and education increase the ability to do something 
successfully. One can do something (even attaining class) well when he/she is healthy 
and getting education improves ones health -- Medical doctors are the product of 
education. 
 
The data from Ethiopian Economic Policy Research Institute has the share of education 
and health as share of GDP.  An interesting and useful insight to this research is from 
Mankiw, Phelps and Romer (1995) and Mankiw-Romer-Weil (1992). In these two 
papers they use the share per capita income spent for education as a measure of 
investment in human capital. In the two papers they use the fraction of income invested 
on human capital ( Hs ), although the former employs the enrolment ratio of secondary 
education. Using this insight, we can generate human capital data the same way we did 
for physical capital data. However, at first instance, Mankiw-Romer-Weil (1992), Mankiw 
(1995), and Klenow and Rodriguez Clare (1997) use the same depreciation rate as 
physical capital for human capital too. The depreciation rate for human capital 
accumulation measures the portion of knowledge out of the total stock that citizens 
forget each year. Although one is tempted to conclude this rate should be zero, the shift 
of civilization across different countries, such as North Africa, Roman Empire, Greece, 
Babylon, etc suggests that this rate is different from zero. However, since it takes very 
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long period for civilizations to shift from a country to another, the rate per year should be 
small. No one has measured this rate so far but the 3% depreciation rate in the 
literature seems about correct. 
 
In this framework, we assume expenditures in education and health as reasonable 
measure of savings used for human capital accumulation. By making the same 
assumption about initial human capital, it was on steady state in 1960, we can generate 
the human capital variable using the general law of motion of capital 
accumulation. Again the value of initial human capital required only to get a closed form 
solution to the difference equation that describes the time path of human capital, which 
is the same thing I have done for physical capital.  
 
In sum, the data taken from three different sources; Ethiopian Economic Policy 
Research Institute (EEPRI, 2003), Penn World Data 6.2 (2006) and Ministry of Finance 
and Economic Development (MoFED). I took real GDP per capital and investment data 
from PWD. The data is from 1960 to 2003. Real GDP per capita data is given in terms 
of constant price. It is obtained by adding consumption, investment, government 
expenditure and export and then subtracts import from it. The data for investment is 
given as percentage of GDP. I use this data as saving rate since they are the same as 
long as saving equals to investment.7 The data for education and health, which are 
used to calculate human capital, are taken from EEPRI. These data is given in terms of 
constant factor cost. The data are from 1960/61 to 2002/03. Finally, I get the data for 
labour force (1960 -2002) from Ministry of Finance and Economic Development 
(MoFED), which measures the quantity of active labour force in the population.8  
 
                                                 
7
 See Barro and Sala-i-martin (2004) for detailed explanation of this issue.  
8
It is necessary to make the issue of informal activities explicit. Each year the central statistical authority takes 
sample data for project GDP, Investment, labor force, human capital expenditure, etc. The statisticians also make 
some “adjustments” to include activates in the informal sector, in households, non-market production in their 
projections. The surveys for such activities have done once in a decade or so. The statisticians also make some 
“adjustments” to include activates in the informal sector, in households, non-market production, etc. It is not the 
scope of this thesis to evaluate on the statistical procedures that national accountants follow. I accept, like anyone 
who is interested in such information,  the statistical numbers released  by the central statistical authority for there is 
no other entity that has produced data that significantly deviates from the one by the statistical authority.  
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In addition to these data, I will use dummies for different regime and drought.  For the 
regime, I consider the two regimes which are existed before the one in the power now, 
Ethiopian People's Revolutionary Democratic Front (EPRDF). The first one is the 
Empirical regime. In this time the country ruled by the king and it lasted from 1930- 
1974. Then the country becomes a communist country under the rule of military 
government. This regime stayed on power until 1991 EPRDF took power. With in these 
times the country faced many drought problems.  The main once are the one in 1966, 
1973 and 1984-1985. We will see the effect of these variables on productivity.  
 
3.4 Descriptive Statistics 
 
In this section, I am going to show the summary of the data and its distribution. I use the 
logarithm form of the variables since it smooth the result of the estimation. The table 
below, shows mean, standard deviation, and coefficient of variation of the logarithm of 
the main variable variables, i.e. labour, human capital, physical capital, GDP, and 
productivity over 43 years, used in the estimation. Since the relevant information for 
estimating the model are transformed variables, the table below reports this information 
while the table that reports summary statistics of the variables, without logarithmic 
transformation, is presented in the appendix. 
 
The variables LogY, LogK, and LogL are logarithm of GDP, capital stock, and labour 
force respectively.  Moreover, LogA and LogA_0represent productivity with and without 
considering human capital in the computation as explained previously. 
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Table 1: Summary Statistics of Major Macroeconomic Variables (1960 -2002) 
  1960-1966 1967-
1974 
1975-
1982 
1983-
1990 
1991-
2002 
1960-
2002 
LogY Mean 23.13 23.43 23.62 23.69 24.37 23.7 
Std.Dev 0.1 0.08 0.06 0.11 0.18 0.45 
CV 0.004 0.003 0.003 0.005 0.007 0.019 
N 8 8 8 8 11 43 
LogK Mean 13.25 13.59 13.76 14.02 14.45 13.86 
Std.Dev. 0.1 0.08 0.05 0.09 0.21 0.44 
CV 0.008 0.006 0.004 0.006 0.015 0.032 
N 8 8 8 8 11 43 
LogL Mean 2.56 2.75 2.96 3.19 3.43 3.01 
Std.Dev. 0.05 0.06 0.07 0.08 0.08 0.33 
CV 0.020 0.022 0.024 0.025 0.023 0.110 
N 8 8 8 8 11 43 
Logh Mean 8.27 8.51 8.85 9.17 9.65 8.94 
Std.Dev. 0.04 0.1 0.11 0.08 0.2 0.53 
CV 0.005 0.012 0.012 0.0087 0.021 0.059 
N 8 8 8 8 11 43 
LogA_0 Mean 16.29 16.34 16.34 16.17 16.53 16.35 
Std.Dev 0.03 0.01 0.01 0.09 0.05 0.13 
CV 0.002 0.000 0.000 0.006 0.003 0.008 
N 8 8 8 8 11 43 
LogA 
(with h) 
Mean 11.33 11.24 11.03 10.67 10.74 10.98 
Std.Dev. 0.01 0.06 0.06 0.11 0.08 0.27 
CV 0.000 0.005 0.005 0.010 0.007 0.025 
N 8 8 8 8 11 43 
Source: own computation using STATA 
 
Broadly the mean indicate that most variables have been increasing over time except 
the productivity with human capital. The standard deviation of GDP, physical capital and 
labour shows some increases over time. This indicates that the different governments in 
these periods and their different economic policy have some effect on these variables. 
On the other hand, human capital, and productivity (with and without human capital) 
shows fluctuation and it is hard to tell their clear motion.    
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In order to indicate the pattern of the variables over time, we plot the logarithm of the 
variable for the entire sample. The log of GDP, labour, physical capital, human capital 
and productivity grow over time. The figure indicates that both capital stocks (physical 
and human) have slowly increased in the sample period more or less at equal rate. All 
the variables show almost smooth growth over time even if their starting values are 
different. The only exception is the lnA_O (productivity without human capital) which has 
been more or less stable.  However, this could be tricks as can be seen from figure-2. 
Log transformation, removes small deviations and reduces the variance.9 
 
Fig 1: The Pattern of GDP, labour, physical and human capital output                                       
and productivity over 
time.
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Source: Own computation using EEA data 
 
The level of productivity’s pattern of it over time  shows a structural break especially 
between the years 1984-1991, the time when the civil war deepened until it was ended 
                                                 
9
 For the sake of completeness, the graphs in levels for the other variables are presented in the appendix.  
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in 1991. In these years, the productivity of the country declined very sharply. We can 
see this from the figure below.  
Fig 2: The pattern of productivity over 
time
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Source: Own computation using EEA data  
 
After the end of the war, the new government adopted a number of reforms including 
collapsing the planning system and steps to free market economy, macroeconomic 
stabilization, privatization of loss making government institutions, devaluation, removal 
of import quotas and reduction of import tariffs, and implementation of the civil service 
reform. Even if the productivity was still low in the early period, soon recovery has set in 
and it has been increasing until 2002. For the other variables, we can see their patter 
from the appendix. Figure A shows that the pattern of human capital, GDP and labour 
force over time. We can see that the pattern of GDP is almost the same as that of 
productivity in the above figure. This shows that, these two have a one to one 
relationship. Human capital increases over time continuously. But labour force seems 
constant over time. Physical capital also increases. We can see this from figure B. 
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IV. ECONOMETRIC RESULTS 
 
Once the empirical model is specified and the necessary data is collected, the next task 
is to estimate the model. The analysis of the data proceeds in two steps. First, I use the 
data to test the Nelson-Phelps hypothesis, which claims that human capital enhances 
productivity through facilitating the adaptation to and diffusion of technological change. 
This is important for a number of reasons. This data set is ideal to test this hypothesis 
since the country engaged in virtually no innovative activity characterized by new goods. 
Thus, any improvement in productivity cannot be associated with the innovation 
activities at home. Rather, it is associated with the diffusion of the existing technology. 
The other reason is that the appropriate human capital policy depends upon whether 
human capital is a separate input or a facilitator of adoption of new technology. Once 
the Nelson-Phelps hypothesis is tested, the joint role of human capital as distinct input 
and as facilitator of adoption of new technology is investigated.  
 
4.1 Nelson-Phelps Hypothesis 
 
This hypothesis was forwarded by Nelson and Phelps (1966.) The production function 
of a developing economy has labour, capital, and productivity components. The 
productivity component depends upon the exogenous technological progress and the 
amount of human capital devoted to facilitating diffusion and adoption of newer 
technology. Human capital, it is argued, in developing countries only helps to operate 
new machines, effectively use fertilizers, or adopt the existing technology. Any “use” of 
human capital as additional input in the production functions results is specification 
error. 
 
To test this hypothesis, the productivity data needs to generate without taking human 
capital as a separate input to production. That is, using growth accounting, output need 
to decomposed into the role of physical capital, labour, and productivity. Then this 
hypothesis is tested by running regression of human capital on the productivity 
generated without taking human capital as a physical input considering other relevant 
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control variables. The scatter plot below suggests that there is increasing and non-linear 
relationship between human capital and productivity. 
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Source: Own computation using EEA data 
 
However, if the periods under the linear fit are dropped or accounted by some other 
exogenous factor, the relationship looks more of linear type in logs. Indeed, the period 
from 1984 to 1991 is the period where the civil war was covering larger part of the 
country until it was put an end in May 1991. The following table indicates the regression 
result that tests the Nelson-Phelps hypothesis. The values in parenthesis are t-statistics 
with Robust standard errors. 
 
If the coefficient of log of human capital is statistically significant, the data rejects the 
null hypothesis, which is “the Nelson-Phelps claim is false”. That is, there is no sufficient 
evidence to reject the hypothesis made by Nelson and Phelps. If the coefficient is 
statistically not different from zero, the data fails to reject the null hypothesis, which is 
“the Nelson-Phelps claim is false”; in other words, one can go with the conclusion that 
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the hypothesis made by Nelson and Phelps is rejected by the data. We test this 
hypothesis in three successive stages.  
 
The results are presented in table-2. Column-1 estimates the elasticity of productivity to 
human capital controlling for the dummy variable Derg, which takes care of socialistic 
system and war. Column-2 controls for labour in addition to the variables of column-1 
while column-3 further controls for capital stock. Controlling for labour and capital stock 
is important to take into account the problem of omitted variable bias in the situation 
where each of the two have independent effect on productivity and also complimentary 
to human capital input. 
 
The results in the table suggest that in all the models, the data rejects the null-
hypothesis that claims “the Nelson-Phelps hypothesis is false.”  Human capital has 
been positively and significantly associated with productivity. The dummy for war and 
socialistic system is statistically significant with negative sign as expected. While both 
labour and capital seem to have a statistically significant impact on productivity, their 
sign is different. More physical capital enhances productivity while more labour reduces 
it.  
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Table 2 : Regression of Logarithm of Productivity on the Independent Variables 
Independent Variable Column-1 Column-2 Column-3 
lnh  0,14 0,85 0,54 
  (8,19)** (3,16)** (2,59)** 
D_Derg -0,13 -0,10 -0,08 
  (-3,98)** (-3,18)** (-2,25)** 
lnL   -1,16 -1,36 
    (-2,55)** (-2,94)** 
lnk      0,52 
      (2,92)** 
_cons  15,18 12,29 8,46 
  (107,90)** (11,70)** (4,10)** 
R2 0,53 0,63 0,68 
   ** Statistically significant at 99% level. 
  Source: own computation using STATA 
 
The elasticity of productivity with respect to human capital and physical capital has the 
expected sign. The adoption of misguided policies such as socialist planning has 
decreased productivity.  On the other hand, labour has unexpected sign. From 
theoretical point, the size of labour force should not be negatively correlated. I could not 
see any reason to justify this outcome until this paragraph is written. 
 
4.2 Factor Productivity and Human Capital 
 
The next point that this paper considers is the role of human capital in enhancing 
productivity when human capital is taken as a separate input like labour or capital. That 
is productivity data is generated as a residual after the roles of labour, physical capital, 
and human capital are taken into account. Table-3 reports the regression of the 
logarithm of productivity on host of independent variables. The variable labour is 
dropped due to multicolinearity problem with time trend.  
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Table-3 reports that productivity has been decreasing over time. This coefficient is 
statistically significant at 99% level. The table also enables us test the issues of capital 
externalities associated with Paul Romer(1986), and human capital, after taking  
exogenous factors such as war, socialist planning period, rain fall, and time trend into 
account.  
 
Table 3: Regression of Logarithm of Productivity on the Independent Variables 
Dependent 
Variable Coefficient t-statists* 
Lnh 2,61 3.58 
Lnk -0,95 -2.34 
D_Derg -0,16 -4.11 
Lnrain 0,43 2.82 
Trend -0,11 -4.80 
_cons 0,31 0.09 
R2 0.90 
                                  * Based on robust standard errors  
   Source: own computation using STATA 
 
The results from the table suggest that human capital is statistically and positively 
correlated with productivity.  Specifically, a unit percentage change in human capital 
raises productivity by 2.61%. That is, there is increasing returns to human capital in the 
production function of productivity. The elasticity is, indeed, very large when compared 
to microeconomic Mincerian finding of roughly 0.10.  As expected the coefficient on 
D_Derg is negative. A rather striking finding is related to capital.  
 
In contrast to the idea of positive externality of physical capital, the result implies that 
physical capital has negative externality.  This is probably due to the omission of the 
quality of physical capital. Suppose, the quality of physical capital has increased over 
time but it is accounted in the productivity term. With better quality of physical capital, 
less capital is required to produce a given level of output. Thus, if part of the rise in 
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productivity is due to capital’s quality, then it may have a negative correlation with the 
quantity of physical capital as observed in the data. In my view, more research needs to 
be done to settle this issue. 
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V. CONCLUSION 
 
This paper addresses the role of human capital in enhancing productivity using 
historical data for Ethiopia. It does this in two steps. First, by using the idea of Nelson 
and Phelps(1966) and testing whether human capital has  been important in enhancing 
the adoption and diffusion of new technologies that are innovated in the other parts of 
the world. Second, by following the standard approach in growth economics, it assumes 
productivity as a separate input like physical capital; it tests whether human capital has 
additional role in boosting productivity once its role as a physical input is taken into 
account. 
 
The results of the regressions indicate that human capital has important role enhancing 
productivity. The econometric analysis suggests that the data rejected the hypothesis 
that claims “the Nelson-Phelps hypothesis is false” confirming the belief of many policy 
makers and economists that human capital plays an important role in facilitating 
convergence of technology between the developing countries and the developed one  
through diffusion and adoption of technology.  
 
The results also indicate that this effect persists once the role of human capital as a 
separate input is taken into account. Moreover, this effect persists once war, socialist 
planning, physical capital, rain fall, and time trend are controlled for.  This indicates that 
human capital plays an important rule on improving the productivity of the country. 
Thus, a policy that focuses on busting human capital is more likely to have greater 
payoff in terms of productivity gains. The government and those who are responsible for 
the development of the country’s human capital should give mere attention how can 
they increase the educated population of the country and improving the quality of the 
educational system. 
 
There are also two outcomes of this thesis which are different from other researches 
outcome. Both labour and physical capitals have negative impact on productivity, which 
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is unexpected. I couldn’t find any justification for it. It is an open issue which needs 
further study.    
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Appendix: Summary Statistics 
  1960-1966 1967-1974 1975-1982 1983-1990 1991-2002 1960-2002 
Y Mean 11119.92 15023.2 18211.44    19609.09    38765.18    21816.89 
Std.Dev 1110.998 1116.661 1191.982 2087.342 6709.318 11014.36 
CV 0.10 0.07 0.07 0.12 0.17 0.51 
N 8 8 8 8 11 43 
K Mean   573294.5 799090.8 948458.5    1225983      1927904    1153059 
Std.Dev. 60383.3 61346.44 51418.14 106666 397925.9 543500.3 
CV 0.11 0.08 0.05 0.09 0.21 0.47 
N 8 8 8 8 11 43 
L Mean 12.97013 15.69632 19.30543    24.34666    30.84456    21.34508 
Std.Dev. .7050397 .9410832 1.287092 1.925316 2.560705 6.947389 
CV 0.05 0.06 0.07 0.08 0.08 0.33 
N 8 8 8 8 11 43 
H Mean 3901.705 4984.267 7039.78    9590.848    15816.64    8793.391 
Std.Dev. 154.4207 510.371 746.1496 798.7703 3253.127 4869.636  
CV 0.04 0.10 0.11 0.08 0.21 0.55 
N 8 8 8 8 11 43 
A Mean 1.19e+07 1.25e+07 1.25e+07    1.06e+07    1.51e+07    1.27e+07 
Std.Dev 327684.2 167184.5 163953.9 869336.6 736551.8 1670696 
CV 0.03 0.01 0.01 0.08 0.05 0.13 
N 8 8 8 8 11 43 
A (with 
h) 
Mean 386709.3 396123.1 364606.3    294038.4    361024.2    240741.5 
Std.Dev. 14492.56 8469.135 9250.412 23823.16 13807.59 405900.1 
CV 0.04 0.02 0.03 0.08 0.04 1.69 
N 8 8 8 8 11 43 
Source: own computation using STATA 
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Figure A: the pattern of human capital, GDP and labour force over time 
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Figure B: The pattern of physical capital over time. 
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Source: own computation using EEA data 
 
